We demonstrated two solution-processable triphenylamine dendric nonamers: the N-atom-centered nonamer (TPA9-1) and the phenyl-centered nonamer (TPA9-2). The materials were found to have high glass transition temperature (Tg) up to almost 200°C.
Introduction
Organic light-emitting devices (OLEDs) have received a lot of attention because of their potential applications in flat-panel displays and lighting. In general, OLEDs are composed of functionally divided multilayers such as hole injection, hole-transporting (HT), emissive, hole-blocking, electron-transporting layers, and so on. This structure enables the optimal charge balance essential to high electroluminescence (EL) efficiency. [1, 2] In the last decade, many kinds of amorphous molecular semiconductor materials, [3, 4] working as HT materials [5] [6] [7] [8] [9] and ET materials, [10] [11] [12] [13] [14] [15] [16] have been proposed.
It has been established that the triphenylamine group is one of the most valuable groups for HT functions in organic semiconductors. In fact, some triphenylamines derivatives such as N,N'-diphenyl N,N'-bis(m-toly) benzidine (TPD) and N,N'-dinaphthyl N,N'-diphenyl benzidine (NPB) [5] are already in common use as HT materials for OLEDs. The electron-donating nature of triarylamines (including triphenylamine) is the basis of its good hole-transporting properties. Though higher molecular weight with rigid building blocks like arylene leads to higher glass transition temperature (Tg), which is important for long-term durability of OLEDs, it also causes poorer solubility.
Dendric or starburst molecules have both high Tg and high solubility. In fact, the starburst triphenylamines developed by Shirota et al. are conventional OLED materials with high Tg. [7, 17, 18] In this study, we describe two new dendric triphenylamine nonamers with solution processability and high Tg. We also describe an effective modulation of the highest occupied molecular orbital (HOMO) that controls HT and 3 hole injection properties by altering a small fraction of the molecular structure.
Experimental

Measurements and Calculation
1 H-NMR spectra were recorded either on a JEOL JNM-EX270 spectrometer (270 MHz) or a Bruker AVANCE spectrometer (400 MHz). Elemental analysis was carried out with a Yanaco MT-3 CHNcoder. Thermal analysis was done on a Seiko Instruments DSC-6200 at a heating rate of 10°C/min for differential scanning calorimetry in nitrogen. UV and visible absorption spectra and fluorescence spectra were recorded with a Shimadzu UV-3150 spectrophotometer and a JASCO FP-750 spectrofluorometer, respectively. Ip was measured with a Riken Keiki AC-2 photoelectron emission spectrometer, and the Ea was estimated from the Ip and the band gap, which were determined by the absorption edge of the UV and the visible absorption spectrum of the neat thin film. Neat thin films prepared by spin coating on quartz glasses from each solution at atmosphere were used as samples for UV-visible absorption, fluorescence, and photoelectron emission spectroscopy. Mass spectroscopic analysis was carried out with a matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometer (Applied Biosystems, Voyager-DE PRO). Surface morphologies of thin-films were evaluated with an AFM (SII Nanotechnology, SPA-400). Computational calculations were carried out on a commercial quantum chemistry package (Gaussian 03) with a Hatree-Fock method of a 6-31G(d) basis set for obtaining the molecular optimal geometries. Using the optimal geometries, a density functional theory (B3LYP) of a 6-311G+(2d,p) basis set visualized molecular orbitals (MOs) and estimated energies of MOs. Figure 1 shows the molecular structures of triphenylamine dendric nonamers TPA9-1 and TPA9-2. The nonamers (TPA9s) were synthesized according to the procedures shown in Scheme 1. The details of the syntheses are described below. TPA9-1 and TPA9-2 were synthesized and purified and were used without any further purification. 4,4',4''-tris(3-methylphenylphenylamino)triphenylamine). These materials were used with no further purification because they were sublimation grade. ml n-dodecane and 44.6 ml p-xylene were stirred in N 2 gas. Then, the temperature was increased to 150°C to remove the p-xylene. After that, the temperature was increased again to 220°C. The mixture was stirred continuously for 9.5 hours, and then 440 ml tolene was slowly added to the mixture as it was cooled. After 1-hour-refluxing of the mixture, it was filtered at 80°C. Then, 150 ml cyclohexane and 150 ml n-hexane were added to the filtrate precipitated IB-DPA. The precipitate was isolated by filtration and vacuum dried. Silica gel column chromatography (tolene/n-hexane = 1/6) produced 69. 
Materials
Synthesis
Synthesis of 4'-iodo
Synthesis of N,N-bis(4'-diphenylamino-biphenyl-4-yl)amine (B(DPAB)A)
Benzamide (4.08 g, 33.7 mmol), IB-DPA (15.84 g, 35.4 mmol), Cu (0.54 g, 8.5 mmol), dry K 2 CO 3 (6.99 g, 50.6 mmol), and NaHSO 3 (0.53 g, 5.06 mmol) in 1 ml n-dodecane and 5 ml p-xylene were stirred under N 2 gas at 180°C for 3 hours. The same amounts of IB-DPA, Cu, and dried K 2 CO 3 were added to the mixture, and then the mixture was stirred at 195°C for 8 hours. After decreasing the temperature to 110°C, 270 ml of tolene was dropped into the mixture, which was then refluxed for 1 hour. Debenzylation with 3.78 g (67.4 mmol) and 40 ml 2-propanol was carried out at 70°C. After removing 2-propanol at 90°C, the mixture was refluxed for 1 hour with an additional of 40 ml tolene. After filtration at 50°C the filtrate was dried to obtaine crude B(DPAB)A powder.
The crude powder was washed with acetone, and dissolved in 50 ml tetrahydrofuran to precipitate in n-hexane/acetone (200 ml/20 ml). The precipitation produced 16 
Synthesis of 4,4',4''-Tris[N,N-bis(4'-diphenylaminobiphenyl-4-yl)amino]
triphenybenzene (TPA9-2 , and tris(tert-butyl)phosphine (0.036 g, 0.18 mmol) in 50 ml dry tolene were stirred and refluxed under N 2 gas for 9 hours. The mixture was filtered at 80°C. Another precipitate appeared in the filtration when the filtration cooled. The precipitate was isolated with a filter, and washed twice with 100 ml of water and 100 ml of methanol, and then 2-time recrystallization from tolene and washing with refluxed methanol produced 3.79 g of pure TPA9-2 powder with a 54.1% yield. Elemental analysis: calc. 
Fabrication and Measurement of OLEDs
OLEDs Figure 1 shows the molecular structures of triphenylamine dendric nonamers TPA9-1 and TPA9-2. The difference between the molecules is in the center unit, which is either a nitrogen atom or a phenyl group. Table 1 
Results and Discussion
Conclusions
We described two new triphenylamine dendric nonamers that were solution-processable Table 1 . Thermal, spectroscopic, and electronic properties of TPA9s. Scheme 1. Synthetic route of the TPA9s. 
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